INTRODUCTION
The genus Themisto is one of the largest genera of the pelagic amphipod family Hyperiidae. Two species of the genus occur in the Southern Ocean, T. australis and T. gaudichaudii (de Broyer & Jazdzewski 1993 , Vinogradov et al. 1996 , the latter being one of the numerous species of macrozooplankton in the epipelagic zone (Kane 1966 , Everson & Ward 1980 . T. gaudichaudii is a non-selective, opportunistic predator which feeds on the most abundant prey (Pakhomov & Perissinotto 1996, Froneman et al. ABSTRACT: Comparing food samples from diving and surface-feeding seabirds breeding in the Golfe du Morbihan at Kerguelen Islands to concurrent net samples caught within the predator foraging range, we evaluated the functional importance of the hyperiid amphipod Themisto gaudichaudii in the subantarctic pelagic ecosystem during the summer months. T. gaudichaudii occurred in high densities (up to 61 individuals m -3 ) in the water column, being more abundant within islands in the western part of the gulf than at open gulf and shelf stations. The amphipod was a major prey of all seabird species investigated except the South Georgian diving petrel, accounting for 39, 80, 68, 59 and 46% of the total number of prey of blue petrels, thin-billed prions, Antarctic prions, common diving petrels and southern rockhopper penguins, respectively. The length-frequency distribution of T. gaudichaudii was similar between the 2 diving species, which fed on 1 large size class of adult individuals, whereas the 3 surface-feeding seabirds preyed upon 2 size classes but in different proportions. Juveniles and adults T. gaudichaudii were equally important in the diet of blue petrels, whereas juveniles and adults predominated in the food of thin-billed and Antarctic prions, respectively. Comparison of T. gaudichaudii found in nets and food samples together with observations at sea indicated that common diving petrels and southern rockhopper penguins fed in the close vicinity of the colonies in the Golfe du Morbihan, whereas blue petrels, and thin-billed and Antarctic prions mainly preyed upon amphipods outside the sampled area. Our study shows that T. gaudichaudii is an important local component of the macrozooplankton community and the main prey for planktivorous seabirds inhabiting the Kerguelen archipelago. In certain areas of the subantarctic zone, it therefore has a trophic role similar to that of Antarctic krill Euphausia superba further south, in Antarctic waters.
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Resale or republication not permitted without written consent of the publisher 2000). It was estimated that the species can control the mesozooplankton community through its predation impact and may thus significantly contribute to downward flux of biogenic carbon . It may also act as a direct link between mesozooplankton and higher levels of the trophic web, since T. gaudichaudii is consumed by a variety of top predators, including fish (Kock et al. 1994) , squid (Ivanovic & Brunetti 1994) , and air-breathing vertebrates (Budylenko 1978 , Ridoux 1994 ). To our knowledge, however, no attempt was made at a given locality to sample T. gaudichaudii in the macrozooplankton community and in the diet of several predators at the same time, in order to assess first its numerical and biomass importance in the pelagic ecosystem and in seabird nutrition, and second prey-predator relationships between T. gaudichaudii and the community of planktivorous seabirds.
The Kerguelen Islands lie in the southern part of the Polar Frontal Zone, in the immediate vicinity of the Antarctic Polar Front (Park & Gambéroni 1997 ). There, macrozooplankton crustaceans are dominated by Euphausia vallentini, Thysanoessa spp. and Themisto gaudichaudii. Antarctic krill E. superba is not found in the area (Pakhomov 1993) . Thirty-five bird species breed on the archipelago, where the avian community (6.5 to 10.9 million annual breeding pairs) is dominated by small Procellariiformes and crested penguins (Weimerskirch et al. 1989) , which are known to mainly prey on zooplankton elsewhere (Marchant & Higgins 1990) . Almost nothing is known about the diets of seabirds at Kerguelen Islands, but preliminary studies together with an exploratory field work during the 1993-1994 austral summer suggested that unidentified amphipods or T. gaudichaudii account for a significant part of their food (Falla 1937 , Paulian 1953 , Bost et al. 1994 , Chaurand & Weimerskirch 1994 ). An integrative scientific programm (IOZ: Interactions Oiseaux-Zooplancton) was therefore conducted to sample the macrozooplankton community in the vicinity of predator breeding sites and to collect food samples from seabird species during the summer months. The seabirds were 5 small burrowing petrels (blue petrel Halobaena caerulea, thin-billed Pachyptila belcheri and Antarctic P. desolata prions, and South Georgian Pelecanoides georgicus and common P. urinatrix diving petrels) and the south- They account for about 67% of the total number of birds of the archipelago (Weimerskirch et al. 1989) and it was estimated that the 6 species together consume annually more than 0.6 million t of marine resources (Guinet et al. 1996) . The main objectives of the present study were first to quantify the abundance and size classes of Themisto gaudichaudii in net samples performed in a coastal area (Golfe du Morbihan) and in more offshore waters during the summer months (the chick-rearing period of seabirds). Second, we quantified abundance and size classes of T. gaudichaudii in the diet of a community of planktivorous predators including both surface-feeding (blue petrels and prions) and diving (diving petrels and rockhopper penguins) birds. Finally, we compared the characteristics of T. gaudichaudii eaten by the different species of seabirds with those found in macrozooplankton samples to gain further information on dietary segregation, including foraging areas, of seabirds.
METHODS
Study site and macrozooplankton sampling. Fieldwork was carried out at Iles Kerguelen, southern Indian Ocean (Fig. 1) . Macrozooplankton was sampled inside and outside the Golfe du Morbihan in 3 groups of stations with different bathymetric and hydrological characteristics. The Golfe du Morbihan is a large gulf (about 700 km 2 ) located in the eastern part of the archipelago. The first group of stations (open gulf, Stns 1 and 2) was located in the northern part of the bay, which is free of islands, has maximum depths of 60 m, and opens to the Indian Ocean through the Passe Royale, which is 12 km wide and about 40 m deep. The second group (shelf, Stns 4 and 5) was located in open ocean, Stn 4 over the periinsular shelf in neritic waters, and Stn 5 over the upper slope, in 500 m deep waters. The third group (western gulf, Stns 6 to 10) was located around Ile Longue in the south-western part of the Golfe du Morbihan, which is characterised by deep submarine valleys (to 220 m depth) and numerous islands and islets ( Fig. 1) .
Macrozooplankton sampling was carried out between 14 January and 17 February 1996 (Table 1) , thus encompassing the study periods of all seabird species, except for the Antarctic prion ( (Omori & Ikeda 1984) . Two consecutive samplings were performed at each station. Both samples were preserved aboard, either in a 5% buffered formalin-water solution or in seawater. At the shorebased laboratory, seawater samples were sorted out, rinsed with 4.5% ammonium formate and dried for 2 d at 60°C for later biomass measurements (mg dry weight m -3 ) in order to quantify the absolute and relative importance of Themisto gaudichaudii in the macrozooplanktonic community. Formalin samples were sent to Villefranche-sur-Mer, France, for species identification and counting in sub-samples using the Motoda box technique (Omori & Ikeda 1984) .
Birds and dietary analyses. Study colonies of birds were located in 2 adjacent islands of the Golfe du Morbihan ( Fig. 1) , where large populations of petrels and a smaller population of rockhopper penguins breed (Weimerskirch et al. 1989) . Blue petrels (BP), thin-billed prions (TBP), common diving petrels (CDP) and southern rockhopper penguins (SRP) were studied on Ile Mayes (49°28' S, 69°57' E), and South Georgian diving petrels (SGDP) and Antarctic prions (AP) on Ile Verte (49°31' S, 70°04' E). Each species was studied for between 7 and 20 consecutive days, which corresponds roughly to the middle of the chick-rearing period. Because breeding cycles are not synchronised between species (Weimerskirch et al. 1989) , the timing of the study periods varied according to the species, the whole study period occurring between 15 January and 17 March (Table 2) .
Breeding petrels and prions were caught at night by mist netting or in burrows fitted with trap doors at the entrance to retain the adult before the chick was fed. Breeding adult SRP were captured in late afternoon when they came ashore to feed their chicks. Food samples from BP, TBP and AP were collected by spontaneous regurgitation, and those from CDP, SGDP and SRP by stomach lavage following Gales (1987) and Bocher et al. (2000a) . Birds were flushed 1 to 3 times. No individual bird was sampled more than once. Samples collected by flushing were then drained to remove excess water.
All the samples were immediately frozen at -20°C and returned to Chizé, France, for analysis. In the laboratory, each sample was thawed, drained, weighed and placed in a flat-bottomed tray. Fresh remains were divided into broad prey classes (crustaceans, fish and other organisms), which were weighed to estimate their proportions by fresh mass in the diet. Total numbers of common and rare prey items were counted in each individual sample. Prey were identified using published keys and by comparison with material held in our own reference collection. All individuals of the 264 Table 2 . amphipod Themisto gaudichaudii were sorted and determined following Vinogradov et al. (1996) ; they were then sexed and measured (see below). The importance of T. gaudichaudii in the diet of each seabird species was assessed by calculating its frequency of occurrence (number of samples containing T. gaudichaudii as a percent of total number of samples) and its percentage by number (number of T. gaudichaudii as a percent of total number of prey in the pooled samples).
Length measurements and sex determination of Themisto gaudichaudii. A randomly selected subsample of T. gaudichaudii was measured from each macrozooplankton sample (n = 150 to 200 specimens), and from each food sample (n = 30 to 60) containing more than 30 measurable individuals. All T. gaudichaudii length measurements are given as the total body length (BL). For net-caught individuals and intact individuals from seabird diet, these were measured directly from the front of the eye to the tip of the uropods; whereas those from digested specimens from food samples were estimated from eye height (EH), using the following allometric equation: BL = (6.61 × EH) -0.71, r = 0.97, n = 1005 range: 4 to 30 mm BL Length-frequency distributions are presented at 1 mm length classes. For each net sample and each food sample, we calculated first the absolute lengthfrequency distribution from the measured individuals only, and second, the relative length-frequency distribution for the whole sample by multiplying the number of individuals in each 1 mm size class by the ratio total number of T. gaudichaudii/number of measured individuals, multiplied by 100. Data from the same macrozooplanktonic station performed at different dates and those from food samples for a given seabird species were pooled by adding together the number of T. gaudichaudii of the same size class from all the samples, and adding the numbers of individuals in all size classes to calculate the total number of T. gaudichaudii.
Small Themisto gaudichaudii (BL < 12 mm) were not sexed, but sexes of larger individuals (BL ≥ 12 mm) were determined by the use of secondary sexual characters. Males were identified by the flagellum of the second antennae, which become divided into many segments and filaments, whereas they remain short and unsegmented in the females (Kane 1963) .
Data analysis. A correspondence analysis, or CA (Benzecri 1973 ) was used to analyse the size structure data of Themisto gaudichaudii. CA is an ordination method (also called inertia method) which has been widely used in the analysis of ecological data (Gower 1987) . Ordination methods were designed to show the main features of multivariate samples in a limiteddimension space. These dimensions (or axes) are the best summary of the information contained in the data. CA uses an ordination table as data, which provides a simultaneous representation of the individuals (rows) and descriptors (column) in the new space. CA was first designed for categorical descriptors, but can also be used to describe size structures (Badia & Do-Chi 1976) . Using chi-squared distances, CA compares the distribution of the sample profiles to that of the size class frequencies.
The present data set was composed of active (data used to compute the factorial axis) and illustrative individuals (data projected in the new space to illustrate relationships between data; they are not used to compute the factorial axis). Each individual was represented by size class distributions. The factorial axes of the CA were computed using active observations whereas illustrative or supplementary data were simply projected into this reference system without participating in its computation. In our study, the active observations were the Themisto gaudichaudii size structure in food samples for 132 birds belonging to 5 species (15 for BP, 23 for TBP, 36 for AP, 32 for CDP and 26 for SRP). Only food samples containing at least 30 measured individuals of T. gaudichaudii were used in CA representation. Supplementary data comprised the 21 size structures for the 9 macrozooplanktonic stations sampled at different times. The active individuals (birds), illustrative individuals (stations) and the descriptors (size classes) were represented in the same reference system. For each individual or descriptor, the quality of the representation is given by the part of the initial inertia projected in the new space used; the value, so-called relative contribution, varied between 0 and 1.
Software. Data were analysed statistically using SYSTAT 9 for WINDOWS (Wilkinson 1999) , and SPAD 3.01 for multivariate analysis. Values are means ± SD, significance at 0.05 level.
RESULTS

Themisto gaudichaudii from macrozooplankton net samples
The hyperiid amphipod Themisto gaudichaudii was found in all the 21 net hauls performed in Kerguelen waters during the summer months (Table 1) ), being the dominant macrozooplanktonic species in a majority of hauls. Large temporal and spatial variations were found between and within stations. Tem-poral variations were observed at a given station with a tendency for density and biomass to increase over the study period. In a few stations, we found a nonconstant relationship between densities and biomasses calculated from the 2 successive hauls performed within a few minutes on the same day (see 'Methods'). The most likely explanation was the swarming behaviour of the genus Themisto (Gray & McHardy 1967 , Vinogradov et al. 1996 ) that may induce differences in the amount of individuals collected in net samples.
Overall, highest densities and biomasses of Themisto gaudichaudii were found in the western gulf stations, and by far the lowest values at the 2 shelf stations (Kruskal-Wallis for the 3 groups of stations, H = 9.27 and 10.19, p = 0.010 and 0.006 for densities and biomasses, respectively). In the latter, T. gaudichaudii was the main macrozooplanktonic species at Stn 4, but copepods (mainly Rhincalanus gigas) and euphausiids dominated by mass at the more offshore Stn 5. In open gulf stations (Stns 1 and 2), densities and biomasses were intermediate between those from shelf and western gulf stations. At Stns 1 and 2, T. gaudichaudii greatly predominated, accounting for more than 97% of the biomass (Table 1) . Macrozooplankton, including mainly T. gaudichaudii and the carnivorous copepod Paraeuchaeta antarctica, reached its highest densities and biomasses in western gulf stations. T. gaudichaudii was the main species (> 92% of the biomass) at Stns 8 and 10 located at the 2 extremities of the Golfe du Morbihan, whereas it co-occurred with P. antarctica at Stns 6, 7 and 9 located in more open waters within islands (Table 1 , Fig. 1 ). Fig. 2 illustrates length-frequency distributions of Themisto gaudichaudii at the different stations sampled in summer 1996. Lengthfrequency distributions were fairly consistent among the western gulf stations. All but Stn 8 showed either a bimodal distribution with a mode of juveniles at about 5 to 6 mm and a mode of adults at about 15 to 16 mm (Stns 6, 7 and 9), or an unimodal distribution with only the larger mode being present (Stn 10). Data from the 4 stations were therefore pooled to illustrate the bimodality of the length-frequency distribution in the western gulf. Note that only a few individuals larger than 20 mm BL (0.3% of the total number of T. gaudichaudii) were caught in nets hauled in the western gulf (Fig. 2) . Length-frequency distribution in open gulf and shelf stations were different from those in western gulf stations. A bimodal distribution occurred at Stn 1 with modes at 6 to 7 mm and 12 to 13 mm, while no well-defined modes were found at Stns 2, 4 and 5. Lengthfrequency distributions were skewed towards larger size classes in Stns 2 and 4 and skewed towards small and medium size classes in Stn 5 (Fig. 2) .
In all but one station, females Themisto gaudichaudii outnum- 
Themisto gaudichaudii from seabird dietary samples
A total of 197 food samples was collected and analysed to determine the dietary habits of the 6 seabird species (n = 27 to 39 samples per species) in summer 1996 (Table 2) . Food mass was different among the species (1-way ANOVA, F 5,191 = 99.07, p < 0.0001). Samples from southern rockhopper penguins (SRP) were much heavier than those from petrels and prions, and those from surface-feeding petrels and prions heavier than those from diving petrels. No significant differences were however found between the samples from blue petrels (BP), thin-billed prions (TBP) and Antarctic prions (AP) (F 2,106 = 0.928, p = 0.398), and between those from South Georgian diving petrels (SGDP) and common diving petrels (CDP) (F 1, 59 = 1.28, p = 0.263).
Crustaceans were important prey items for all the seabird species (Fig. 3) . They co-occurred with fish as the main prey of BP and SRP (52% and 49% by fresh mass, respectively), and they dominated in the food of TBP (97% by fresh mass), AP (87%), SGDP (97%) and CDP (100%). Squid, polychaetes and gelatinous plankton were only minor components of the diet.
Themisto gaudichaudii was a major prey item for all seabird species except the SGDP (Table 2 ). In the latter species, it was found in only 17% of the samples and was negligible by number. Data from SGDP were therefore not considered further in the present work, the species preying mainly on the euphausiid Thysanoessa sp. and the copepod Calanoides acutus. Excluding the SGDP, T. gaudichaudii occurred in almost all the food samples. Overall, a total of 80 304 T. gaudichaudii was counted in stomach contents of the remaining 5 seabird species. Percentages by number of T. gaudichaudii were significantly different among avian predators (Pearson chi-squared test, χ 2 4 = 26 642.23, p < 0.0001), ranging from 39% (BP) to 80% (TBP) ( Table 2) . It was by far the major item of AP, TBP and CDP, and it co-occurred with Thysanoessa sp. as the main prey item in the diet of BP, and with the euphausiid Euphausia vallentini, the copepod Paraeuchaeta antarctica and fish postlarvae in the diet of SRP.
Mean body length of Themisto gaudichaudii varied significantly in seabird diets (several T. gaudichaudii measurements having been made for a given food sample, a nested ANOVA was performed and the F value of bird species was constructed with the mean square of individuals nested within species as the error term; F 4,127 = 21.66, p < 0.0001) ( Table 2 ). All the values were significantly different (post hoc Tukey HSD multiple comparison test, all p < 0.0001), except those for BP and for the 2 diving species CDP and SRP (p > 0.934). Accordingly, the length-frequency distributions of T. gaudichaudii were similar for CDP and SRP, both species feeding on 1 size class with a mode at 15 to 16 mm BL (Fig. 2) . The situation is more complex in surface-feeding seabirds. The 2 species of prions and BP preyed upon 2 size classes, but in different proportions. Juveniles (mode at 9 to 10 mm) and adults (mode at 18 to 19 mm) T. gaudichaudii were equally important in the diet of BP, whereas juveniles (mode at 8 to 9 mm) predominated over adults (mode at 16 to 17 mm) for TBP, and adults (mode at 19 to 20 mm) predominated over juveniles (mode at 7 to 8 mm) for AP. Large individuals (BL > 20 mm) accounted for a significant proportion of T. gaudichaudii eaten by surface-feeding seabirds (BP: 11.7%, TBP: 3.8%, AP: 30.9%), but for a smaller proportion of those found in the diet of diving birds (CDP: 0.9%, SRP: 0.9%).
In food samples of all seabird species, females Themisto gaudichaudii outnumbered males within the sub-population of large individuals (BL ≥ 12 mm) (Table 2) . Sex ratio was higher in surface-feeding seabirds than in diving species (mean values: 76.1 and 59.3%, respectively, χ 2 = 102.98, p < 0.0001). It was also significantly different, but at a lower level, when comparing BP, TBP and AP (χ 2 2 = 6.37, p = 0.041), and when comparing CDP and SRP (χ 2 = 8.77, p = 0.003).
Themisto gaudichaudii from seabirds and nets: similarities and differences
A comparison of length frequency distribution of Themisto gaudichaudii between macrozooplankton samples and dietary samples indicated large differences (Kolmogorov-Smirnov, all p < 0.0001) (Fig. 2) . Both juveniles and adults were found in most net hauls and food samples, but both their proportion and modes showed large variations. Noticeable was the near lack of large individuals (BL > 20 mm) in macrozooplankton samples and in food samples from diving birds, whereas they accounted for a significant proportion of the amphipods in the diet of surface-feeding seabirds. The only similarity was found between the size class of T. gaudichaudii eaten by CDP and SRP that was identical to the largest size class occurring in most of the western gulf stations (Fig. 2) . Because pooling data for a given bird species did not describe differences occurring between individual food samples (= individual birds), we used frequency-distribution of T. gaudichaudii from 132 dietary samples from 5 seabird species to calculate a correspondence analysis (see 'Methods'), and to compare it with the macrozooplanktonic samples (Fig. 4) .
Axes 1 and 2 represented 38.2 and 30.1% of the inertia, respectively. The third axis represented only 8.6% of the inertia and consequently could be ignored, as other following axes. The size classes were regularly distributed on the plane defined by axes 1 and 2. Axis 1 opposed the smallest to the medium sizes of Themisto gaudichaudii, and axis 2 opposed the previous 2 size classes to the largest one. Macrozooplanktonic stations, projected as illustrative data, were distributed solely along the first axis. Stns 1, 2 and 5 were linked with the smaller sizes, Stns 8, 9, 10 were associated with the medium size classes, and Stns 6 and 7 were more variable (Fig. 4) . The relative contribution between stations and reference plane were indicative of a good match between size structure at each station and size structure in the food samples.
The size structures of Themisto gaudichaudii recorded in the food samples from BP did not match the description made for other bird species. The size structure pattern was without correspondence with other individual birds or stations, except maybe 1 BP feeding on the larger size class occurring in the western gulf (Fig. 4) .
The majority of TBP samples was located in the area associated with the smaller Themisto gaudichaudii size classes, some of them being close to those found at open gulf stations and the western gulf Stn 7. Four individual birds displayed a prey size structure linked with the large size not found in the Golfe du Morbihan. Unlike TBP samples, the majority of AP samples were located in the same area of the 1-2 plane when compared to the larger size classes of T. gaudichaudii (21 to 30 mm). None of the stations showed an association with this part of the plane, because such large size classes were never found in net samples except for odd individuals at Stn 5. Nevertheless, a few AP samples showed an association with T. gaudichaudii of smaller size, close to that occurring at the open gulf stations. Three individual birds showed an intermediate position between the areas inhabited by large size and small size T. gaudichaudii (Fig. 4) .
Finally, CDP and SRP samples showed a very close topology (Fig. 4) . All the individual birds were grouped in the same section of the 1-2 plane and they were linked with medium-size Themisto gaudichaudii (13 to 17 mm). Such sizes were characteristics of some western gulf stations (9 A-B and 10 A-B-C).
DISCUSSION
The hyperiid amphipod Themisto gaudichaudii is a major component of the macrozooplankton community in Kerguelen waters, occurring with the highest densities in the sheltered Golfe du Morbihan. Seabirds breeding there fed mainly on T. gaudichaudii, thus emphasizing its importance in the upper levels of the local pelagic trophic web. Species of seabirds segregated by preying upon different size classes of the amphipod. To compare the length-frequency distribution of marine organisms in nets and food samples requires that the nets provide an accurate description of food resources accessible to predators (see discussion in Hill et al. 1996) . It is well-known and already discussed in the literature that no net samples the water column perfectly, and thus that net samples are subject to bias. In the present study, observations at sea indicate that common diving petrels (CDP) and southern rockhopper penguins (SRP) forage in the immediate vicinity of the breeding colonies (Weimerskirch et al. 1989, authors' unpubl. data) . The lengthfrequency distribution of T. gaudichaudii at the western gulf stations and in the diet of CDP and SRP presented a strong similarity, both diving species feeding on the largest of the 2 size classes found in nets. Since the ability of ships to catch prey is completely different to that of birds, this similarity strongly suggests that the ORI net sampled accurately the population of T. gaudichaudii available to the predators in western gulf stations. The marked difference in the length-frequency distribution of the amphipod at the sampling stations and in the diet of surface-feeding seabirds is thus likely to result from blue petrels (BP), and thin-billed (TBP) and Antarctic prions (AP) foraging outside the study area, in more offshore waters.
Themisto gaudichaudii in Kerguelen waters: comparison with other localities
Overall, Themisto gaudichaudii was the most abundant species of macrozooplankton collected in Kerguelen waters. Noticeable differences however were found between stations located inside and outside the Golfe du Morbihan. Highest densities and biomasses occurred in the western gulf stations, intermediate values in open gulf stations, and lowest values at the shelf stations. This, together with results from oceanographic cruises performed in more offshore waters (Pakhomov 1993) , indicated a decrease in the importance of T. gaudichaudii from coastal to oceanic waters in the vicinity of the Kerguelen archipelago. A decrease abundance of T. gaudichaudii from coastal to more offshore waters was also found in South Africa (Siegfried 1965 ) and around South Georgia (Piatkowski et al. 1994 ).
In the Golfe du Morbihan, Themisto gaudichaudii are present all year round with the highest abundance occurring during the summer months (Koubbi 1992 , Bost et al. 1994 . Densities calculated in the present work are in general agreement with those previously reported, but densities from Stn 8 and those from stations sampled in mid-February were consistently higher than the highest values previously found in the area (5 individuals m -3 , Bost et al. 1994) . Only 2 other important macrozooplanktonic species occur in significant amounts in the Golfe du Morbihan, the copepod Paraeuchaeta antarctica in western gulf waters, and Euphausia vallentini (Koubbi 1992 , Bost et al. 1994 . This is in marked contrast with the situation prevailing on the Kerguelen shelf and slope, which is characterized by more macrozooplanktonic species, thus generally inducing a lower relative importance of T. gaudichaudii by number and by mass within the pelagic community (Pakhomov 1993 , Semelkina 1993 .
In the Southern Ocean, Themisto gaudichaudii is the most abundant pelagic amphipod, occurring in large numbers in epipelagic waters of the subantarctic and northern Antarctic zones (Kane 1966 , Vinogradov et al. 1996 . It occurred in most of the net hauls, but densities > 0.1 individual m -3 (up to 1.5 individuals m -3 ) were rarely reported (Piatkowski 1985 , Boden & Parker 1986 , Atkinson & Peck 1988 . Densities of T. gaudichaudii in the Golfe du Morbihan are therefore the highest recorded in the Southern Ocean, being similar only to densities found farther north, in upwelling regions of the Benguela area (1.4 to 103.4 individuals m -3 , Gibbons et al. 1992 ). The pelagic ecosystem of the Golfe du Morbihan is simple and very productive: high increases in phytoplankton biomass in spring and summer induce a sharp rise in mesozooplankton production at that time (Razouls et al. 1996 (Razouls et al. , 1997 . In turn, a large standing stock of the endemic herbivorous copepod Drepanopus pectinatus supports important populations of the carnivorous T. gaudichaudii and Paraeuchaeta antarctica that then become available for higher predators.
Length-frequency distribution of Themisto gaudichaudii showed different patterns in the 3 groups of stations. No size classes dominated the shelf and open gulf stations (but see Stn 1), while 2 size classes, juveniles and adults with mode at 5 to 6 mm and 15 to 16 mm BL, respectively, dominated the western gulf stations in summer. The size of smaller individuals suggests that a significant part consisted of juveniles recently released from the female brood pouch (Kane 1963) . Interestingly, only 1 larger size class was found in the Golfe du Morbihan in winter (Bost et al. 1994 ). This, together with our data, suggests that breeding and the release of the broods take place in spring and early summer, as previously described in oceanic waters (Kane 1966) . Sex ratio of T. gaudichaudii was also different among the 3 groups of stations, hence further suggesting that the populations had different characteristics at western and open gulf stations, and at shelf stations.
Themisto gaudichaudii in the diet of Kerguelen seabirds: comparison with other localities
The present work quantified the importance of Themisto gaudichaudii in the diet of small procellariiforms and penguins during the chick-rearing period at Kerguelen Islands. T. gaudichaudii was a major prey item for the diving SRP and CDP, but not for SGDP. SGDP foraged in offshore Kerguelen waters, where they consistently fed upon the euphausiid Thysanoessa sp. and the copepod Calanoides acutus during the summer months (Bocher et al. 2000a) . T. gaudichaudii was also a minor component of the SGDP diet at Crozet (Ridoux 1994) and South Georgia (Reid et al. 1997b) , thus emphasizing the trophic segregation between the 2 closely related species of diving petrels breeding there (review in Bocher et al. 2000a ). At Kerguelen, T. gaudichaudii is the major prey species of CDP (Bocher et al. 2000a , present study), whereas it co-occurred with Euphausia vallentini and the hyperiid Primno macropa as the main items at Crozet Islands (Ridoux 1994) , and is less important in South Georgia, where it is replaced by calanoid copepods (Reid et al. 1997b) .
The other species of diving birds investigated, the SRP, is known to prey mainly upon crustaceans at nearly all localities (review in . Our data indicate that fish was also an important component of SRP diet during the crèche stage at Kerguelen Islands; it is moreover the first to record Themisto gaudichaudii as its main crustacean prey, Euphausia vallentini being the major item elsewhere (Brown & Klages 1987 , Ridoux 1994 , Hull 1999 . Bost et al. (1994) , in the only previous detailed food analysis of a seabird breeding in the Golfe du Morbihan, also emphasized the importance of T. gaudichaudii (together with E. vallentini) in the diet of gentoo penguins Pygoscelis papua foraging there. Like SRP, gentoo penguins breeding at other localities feed on different crustacean species, mainly E. vallentini, and on fish (review in Ridoux 1994) .
At the Kerguelen Islands, Themisto gaudichaudii was the main prey of the 3 different species of surfacefeeding seabirds investigated, namely BP and the 2 species of prions. Almost nothing is known about the feeding habits of TBP (Marchant & Higgins 1990) , but analysis of a few food samples from the southern Pacific Ocean (Harper 1972 ) and the Falkland Islands (Strange 1980) suggested that T. gaudichaudii is a major food item for that species. Quantification of the diet at Kerguelen clearly demonstrated that the amphipod was by far the main prey of TBP both by number (80%) and by mass (68%), a situation that prevailed also for the closely related AP (68 and 77%, respectively). At South Georgia, where its food and feeding ecology had been detailed, AP feed upon Antarctic krill and copepods, T. gaudichaudii being a less important item (Prince 1980 , Croxall et al. 1997 , Reid et al. 1997a ). The amphipod was also a major prey of BP at Kerguelen, where it co-occurred with Thysanoessa sp. as the main crustacean items. Elsewhere, BP fed less on fish and more on crustaceans than at Kerguelen, the crustacean diet being dominated by Euphausia superba in South Georgia (Prince 1980) , Euphausia vallentini at Marion (Steele & Klages 1986), and E. vallentini, Thysanoessa sp. and T. gaudichaudii at Crozet Islands (Ridoux 1994) .
To summarise, Themisto gaudichaudii was consistently found as a major prey item in the diet of various seabird species (except SGDP) from Kerguelen Islands. There, the amphipod accounted for higher percentages by number and by mass than elsewhere, thus emphasizing its local importance in the nutrition of diving and surface-feeding predators.
Themisto gaudichaudii from food samples and nets: trophic segregation among seabirds
The present study highlights a dietary segregation among seabirds through predation upon different size classes of Themisto gaudichaudii. In terms of ability to exploit T. gaudichaudii in the water column and their potential foraging range, the CDP and SRP (diving species), and the prions and BP (surface-feeding species) form 2 rather distinct groups. Both CDP and SRP are able to catch prey at depths (Bocher et al. 2000b , Tremblay & Cherel 2000 , and they are commonly observed feeding in the vicinity of the colonies during the daylight hours (authors' unpubl. data). On the other hand, prions and BP forage at the sea surface (Chastel & Bried 1996) , are rarely seen foraging in the Golfe du Morbihan (authors' unpubl. data), and they have the ability to perform trips of long duration far away from the colonies during the chick-rearing period (Chaurand & Weimerskirch 1994 , Weimerskirch et al. 1999 , Duriez et al. 2000 .
The 2 diving species fed on 1 size class of Themisto gaudichaudii only, as indicated by the pooled results from all the food samples. Comparison of the lengthdistribution of T. gaudichaudii in macrozooplankton and food samples showed that both CDP and SRP preyed upon the larger of the 2 size classes occurring in the western gulf. Our data suggest that birds either selected the larger size class in the water column or fed in areas where only this class occurred (like Stn 10). Visual observations support the former hypothesis, because CDP and SRP are rarely seen foraging at the 2 extremities of the Golfe du Morbihan (Stns 8 and 10). In the same way, macaroni penguins Eudyptes chrysolophus are known to select larger, nutritionally superior, mature females of Antarctic krill, small individuals being absent from their stomach contents (Hill et al. 1996) . Correspondence analysis showed almost no variation among the CDP and SRP samples, thus indicating little interindividual differences in the food and feeding ecology within the 2 species and within individual birds of each species. While they have different diving abilities (Bocher et al. 2000b , Tremblay & Cherel 2000 , CDP and SRP did not therefore segregate by feeding on different size classes of T. gaudichaudii, the 2 populations foraging consistently in the close vicinity of the breeding colonies in the Golfe du Morbihan.
Prions and BP segregated from the 2 diving species by preying upon both juveniles and adults of Themisto gaudichaudii. They moreover segregated themselves by the proportion of juveniles and adults in their diet, BP feeding equally on the 2 size classes, TBP more on juveniles and AP more on adults. The presence of T. gaudichaudii in the diet of surface-feeding seabirds is easily explained by its regular occurrence at the sea surface (Kane 1966 . Comparison of the length-distribution of T. gaudichaudii in macrozooplankton and food samples showed that the 3 species fed mainly on different size classes than those found at stations located either within or outside the Golfe du Morbihan. This indicated that prions and BP foraged in more offshore waters, an hypothesis that is in agreement with ship-based census showing that they are found from the Subtropical Front south to the pack-ice in summer in the southern Indian Ocean (Stahl et al. in press) . Correspondence analysis of individual food samples reinforced the indication that BP, TBP and AP fed outside the study area, with large variations among individuals in the size of T. gaudichaudii eaten. The analysis does not preclude that a few TBP and AP individuals foraged on the smaller size class of T. gaudichaudii in the Golfe du Morbihan, but it clearly indicated that most juveniles and almost all adult amphipods were caught outside the study area. Where prions and BP foraged in offshore waters is not precisely known, but most birds observed feeding were located over neritic and slope waters surrounding the archipelago, and in the oceanic zone south to the Antarctic Continent (Stahl et al. in press) .
A main segregation was found in the present study between diving and surface-feeding birds, indicating that both foraging techniques and foraging ranges influenced the characteristics of Themisto gaudichaudii in seabird diets. The short-ranging CDP and SRP fed on adult amphipods in the Golfe du Morbihan, whereas the long-ranging BP, TBP and AP fed on juveniles and adults mostly outside the study area. The sexratio of adult amphipods is in general agreement with this pattern, with values found in CDP and SRP samples (but not in prion and BP samples) in the same range than those of macrozooplankton samples from the western gulf.
Themisto gaudichaudii: a key species in the subantarctic pelagic trophic web
Themisto gaudichaudii occurs in the diet of almost all seabirds from the Southern Ocean. Its importance varies greatly however, depending on the species, locality and years of investigation. Despite its occurrence in significant numbers in the water column (Boden 1985 , Piatkowski 1985 , Atkinson & Peck 1988 , T. gaudichaudii is generally a minor prey for predators along the Antarctic Continent, Antarctic Peninsula and at South Georgia, due to the overwhelming importance of Antarctic krill there. A few specialized seabirds nevertheless prey on T. gaudichaudii, such as fairy prions Pachyptila turtur and Wilson's storm petrels Oceanites oceanicus at South Georgia (Croxall et al. 1988 , Prince & Copestake 1990 ). On years of poor Antarctic krill availability however, some predators, including fish (Barrera-Oro et al. 1998) , shift to an amphipod diet, and T. gaudichaudii becomes the main prey of macaroni penguins (Croxall et al. 1999) , and a major food item of AP (Reid et al. 1997a) .
Further north where Antarctic krill does not occur, seabirds feed on other pelagic crustaceans including mainly Themisto gaudichaudii and the subantarctic krill Euphausia vallentini. The latter species generally predominates (Ridoux 1989 , 1994 ), but the amphipod accounts for a significant part of the diet of both diving and surface-feeding seabirds (Table 3) . At subantarctic islands, T. gaudichaudii accounts for a high proportion by number in the food of some albatrosses and large petrels, but, owing to its small size when compared to that of fish and cephalopods, it comprises a negligible percentage by mass of their diet. More noticeable is the importance of T. gaudichaudii in the food of macaroni penguins (Brown & Klages 1987 , Ridoux 1994 . In terms of biomass it is one of the predominant species among the seabird community at Marion and Crozet Islands (Adams & Brown 1989 , Guinet et al. 1996 . There, T. gaudichaudii is also a major prey of small species of petrels, including BP, Salvin's Pachyptila salvini and fairy prions, and CDP. When comparing localities, however, T. gaudichaudii seems more important in the diet of seabirds at Kerguelen than at any other location (Table 3) . Much work however is needed on the food and feeding ecology of predators which breed on the archipelago, because the diet of many important species, including the macaroni penguin, is still largely unknown.
Themisto gaudichaudii in the Southern Ocean was found to be an important prey, not only for seabirds, but also for other marine predators. It was reported as a prey of almost all the baleen whale species, but occurred in significant amounts in stomach contents of sei whales Balaenoptera borealis only (Budylenko 1978) . Neritic fish, including various species of nototheniids and the mackerel icefish Champsocephalus gunnari, feed on T. gaudichaudii (Duhamel 1987 , Kock et al. 1994 , Barrera-Oro et al. 1998 , and it is an important prey item for oceanic myctophids , Kozlov 1995 . Among the little information available on the diet of squid, T. gaudichaudii is a major food component for the ommastrephids Illex argentinus and Martialia hyadesi (Rodhouse et al. 1992 , Ivanovic & Brunetti 1994 , Ivanovic et al. 1998 . In turn, these fish and squid form the staple food of higher predators (Sabourenkov 1992 , Cherel & Klages 1998 , thus emphasizing the central role of T. gaudichaudii in the pelagic trophic web of the Southern Ocean.
The main result of this study was to establish that the hyperiid Themisto gaudichaudii is an important local component of the macrozooplankton community and the main prey for planktivorous seabirds inhabiting the subantarctic zone. In certain areas, it therefore has a trophic role similar to that of Antarctic krill Euphausia superba further south (Croxall & Prince 1980 , Miller & Hampton 1989 , Ainley & DeMaster 1990 , Smith & Schnack-Schiel 1990 . T. gaudichaudii is a non-selective, opportunistic carnivore, generally feeding on the most abundant mesozooplankton species (Siegfried 1965 , Froneman et al. 2000 . Thus, it constitutes an important ecological link between small zooplankton and top consumers, and may effectively control the mesozooplankton standing stock . Our data furthermore suggest that the population dynamics of predators such as penguins and small procellariiform seabirds could be affected in periods of decreased availability of T. gaudichaudii, because it constitutes the major part of their diet during the critically important chick-rearing period.
